Objective: The expression of B-cell lymphoma 2 (Bcl-2) seems to be influenced by the endocrine environment. Numerous reports demonstrate the diverse expression of Bcl-2 family members under sex steroid regulation. With the exception of estrogen-related tumors, androgen-related tumors have shown their characteristics in Bcl-2 expression. In this study, the status of Bcl-2 expression in male hepatocellular carcinoma (HCC) patients was examined to verify the high incidence of HCC in males. Methods: Tumor tissue microarray was used to examine Bcl-2 expression levels in 374 HCC cases including 306 males and 68 females. Kaplan-Meier method, log-rank test, and Cox proportional hazards model were applied to investigate the predictive value of Bcl-2 in HCC patients.
Introduction
Hepatocellular carcinoma (HCC) is known as a major cancer killer in China. Liver cancer is the most commonly diagnosed cancer and the leading cause of cancer death in men before the age of 60 1 . Surgical resection, liver transplantation, and ablation by radiofrequency or ethanol injection are the conventional therapies at the early stages of this disease. These options offer a 50%-70% chance of survival for five years. The outcomes of resection and local ablation are hampered by high incidences of recurrence, which cannot be prevented by adjuvant therapies 2 . Therefore, the predictive factor for the prognosis of HCC patients can provide valuable guidance to post-surgery therapy or be a new target for HCC treatment. B-cell lymphoma 2 (Bcl-2) is one of the antiapoptotic proteins. Bcl-2 family proteins regulate apoptosis along the intrinsic mitochondrial apoptosis pathway. Although tumor cells can avoid apoptosis, the major role of Bcl-2 in tumor genesis and progression is more complicated. The expression of Bcl-2 in some tumor cell types inhibits cell adhesion, spreading, and motility by enhancing actin polymerization 3 . Our team has reported the expression profile of osteopontin and Bcl-2 in HCC 4 . This prior research also found that high Bcl-2 expression is an effective predictor of HCC prognosis.
In both men and women, gonadal function declines with age. However, in middle-aged women, a relatively abrupt and universal loss of ovarian function, whereas in men, gonadal function appears to develop a more gradual, incomplete, and age-associated decline, which shows a high degree of interindividual variability. This age of men is called andropause. "andras" in Greek means human male, and "pause" in Greek means a cessation 5 . The liver is a sexually dimorphic organ, with gender differences in gene expression, mitochondrial function, microsomal enzyme activity, membrane lipid composition, and immune responses 6 . Yang et al. 7 found that the pattern of liver Apo A-I isoforms is altered in male HBV-Tg mice but not in female HBV-Tg mice. Their results further indicated that the basic Apo A-I isoform increases in male chronic hepatitis B patients but not in female ones. Another report revealed that hepatocytes expressing the longer androgen receptor (AR) allele in female hepatocarcinogenesis seem to be selected favorably for autonomous growth and transformation, especially in synergy with hepatitis B virus (HBV) infection 8 . Naugler et al. 9 proposed that the estrogen-mediated inhibition of IL-6 production by Kupffer cells reduces liver cancer risk in females, and that these findings may be used to prevent HCC in males. In all the examples provided above, the expression and function of Bcl-2 in HCC may be different from those of other types of tumors, especially in male patients. Huang et al. 10 demonstrated that the suppression of Bcl-2 expression by androgens in prostate cancer cells is mediated by the androgen-induced activation of the CDKI-RB axis. Such suppression decreases the binding of the E2F1 protein to the E2F site in the Bcl-2 promoter. The level of Bcl-2 expression in the tumor tissues of HCC patients was tested. These studies suggest that some factors have disparity in distribution because of the different backgrounds of the sex hormone. Additionally, androgens can inhibit Bcl-2 expression regardless of whether they are normal or malignant. However, the mechanisms underlying Bcl-2 regulation by age and androgens in HCC patients remain unclear. The current study aims to dissect the characteristics of Bcl-2 distribution in terms of age and background of the sex hormone. Bcl-2 can be a more powerful prognostic indicator when stratified by age and gender. The therapy may also be combined with the simultaneous targeting of Bcl-2 and hormone or be fit for a specific group of patients.
Materials and methods

Patients and specimens
A total of 374 patients undergoing curative resection for HCC between 2004 and 2006 at the authors' institutions were enrolled in this study. For each patient, the diagnosis of HCC was confirmed by pathologic examination, and complete follow-up data were available. The clinicopathologic characteristics of patients TMA are summarized in Table 1 . The follow-up was completed in March 2012. Median survival was 55.8±1.7 months. The follow-up procedures and treatment modalities after relapse were described in our previous studies. The diagnosis of recurrence was based on typical imaging appearance in computed tomography (CT) and/or magnetic resonance imaging (MRI) scan and an elevated alpha fetoprotein (AFP) level. Overall survival (OS) was defined as the interval between the dates of surgery and death. Time to recurrence (TTR) was defined as the time between the start of surgery and the first report of recurrence 11 .
This study was approved by the institutional ethics review committee of Huashan Hospital, Fudan University (Shanghai, China). Informed consent was obtained from each patient. Fresh tissues for Western blot were collected immediately after resection, frozen in liquid nitrogen, and then stored at -80°C.
Tissue microarray immunohistochemistry analysis for Bcl-2
Tissue microarrays were constructed as previously described 12 . All HCC cases were histologically reviewed by H&E staining, and representative areas were premarked in the paraffin blocks, away from necrotic and hemorrhagic materials. Duplicate cylinders of 1 mm in diameter were taken from two areas of the donor blocks and transferred to the recipient paraffin block at defined array positions (Shanghai Biochip Co., Ltd.). Thus, four tissue microarray blocks were constructed, two with 188 cores, and the other two with 186 cores. Consecutive 4-μm-thick sections were placed on 3-aminopropyltriethoxysilane-coated slides.
Rabbit anti-human Bcl-2 antibody (1:100; Abcam) was purchased. Immunohistochemistry of serial tissue microarrays was carried out as described previously 12 . Briefly, the sections were dewaxed, hydrated, and washed. After neutralization of endogenous peroxidase and microwave antigen retrieval, slides were preincubated with blocking serum and then incubated with primary antibodies for 12 hours in a moist chamber at 4°C. Subsequently, the sections were serially rinsed, incubated with second antibodies, and treated with horseradish peroxidase-conjugated streptavidin. The components of the Envision Plus detection system were applied (EnVision+/HRP/Mo; Dako, USA). Reaction products were visualized by incubation with 3, 3-diaminobenzidine solution. Negative controls were treated identically but with the primary antibodies omitted.
The photographs of four representative fields were captured by the Leica QWin Plus version 3 software, and the identical settings were used for each photograph under highpower magnification (×100). The density of positive staining was evaluated using a Leica CCD camera DFC420 connected to a Leica DM IRE2 microscope (Leica Microsystems Imaging Solutions, Cambridge, UK) and a computer. The Bcl-2 densities were determined by Image-Pro Plus software (version 5.0, Media Cybernetics, USA) as previously described. The integrated optical density (IOD) of all the positive staining in each photograph was measured, and the density was calculated as the product of IOD/total area 13 .
Statistical analysis
Statistical analysis was performed using SPSS 
Results
Clinicopathological features of patients
The characteristics of the studied cases are shown in Table 1 .
Tumor differentiation had a lower grade in the low Bcl-2 group than in the high ones. The younger group had more patients with positive HBsAg than the older groups (97.6%, 96.2%, and 77.8%, respectively; P < 0.0001). Moreover, the oldest group had fewer patients with liver cirrhosis compared with the younger ones (93.2%, 93.7%, and 84.1%, respectively; P = 0.012).
Bcl-2 expression levels in liver tumor tissue detected by immunohistochemistry in TMA
Immunoreactivity for Bcl-2 was observed in both the cytoplasm and the nucleus of tumor cells (Figure 1) . Most of the stroma cells presented negative staining, although sporadic positive staining on these cells was also observed ( Figure 1A-C) .
Association between the Bcl-2 level and the prognosis of all HCC patients
The 1, 3, 5 and 7 year OS rates of high Bcl-2 patients (86.9%, 73.4%, 66.8%, and 60.8%, respectively) were significantly higher than those of low Bcl-2 patients (76.2%, 56.6%, 46.3%, and 39.5%, respectively; P = 0.0003) (Figure 1D ). The 1, 3, 5 and 7 year tumor cumulative recurrence rates of high Bcl-2 patients (25.0%, 29.9%, 38.9%, and 43.7%, respectively) were significantly lower than those of low Bcl-2 patients (40.3%, 48.1%, 54.4%, and 68.9%, respectively; P = 0.0007) ( Figure 1E ).
Kaplan-Meier curves of survival differences among HCC male patients in different age groups
For male patients in the 22-34, 35-39, 50-54 and 66-76 age groups, the P values of their OS by Log-rank analysis for Bcl-2 expression were less than 0.05. For male patients in the 50-54 and 66-76 age groups, the log-rank P values of TTR were less than 0.05. Remarkably, for the 45-49 and 55-60 age groups, the P values of both OS and TTR were higher than 0.1. The values are different from other age groups ( Figure  2) . The results revealed that the expression characteristics of Bcl-2 of male patients in the 45-49 and 55-60 age groups were different from those of other age groups. The age of andropause was approximately 45-60 years. This finding suggested that Bcl-2 expression level may be intervened in the age of andropause. Kaplan-Meier curves were different among HCC patients in different age groups. The OS and TTR for Bcl-2 expression in male patients showed the OS and recurrence time of high Bcl-2 level patients were significantly longer than those of the low Bcl-2 level patients (OS, P < 0.0001; TTR, P = 0.0001) ( Figure 3A) . Contrarily, the OS and TTR in female patients did not show any difference between the two groups (OS, P = 0.428; TTR, P = 0.970) (Figure 3B) . The difference of Bcl-2 expression between the male and female patients implies that the expression of Bcl-2 may be correlated with the sex hormone. The OS and TTR for Bcl-2 expression in male patients, excluding the 45-60 age group, showed the overall survival and recurrence time of high Bcl-2 level patients were significantly longer than those of the low Bcl-2 level patients (OS, P = 0.0002; TTR, P < 0.0001) (Figure 3C) . Inversely, the OS and TTR of male patients in the 45-60 age group did not show any difference between the two groups (OS, P = 0.132; TTR, P = 0.152) (Figure 3D ). This result further demonstrates that androgen may play an important role in the Bcl-2 expression of HCC patients, especially in male patients of andropause age.
Differences between patients in andropause and other age groups by several indexes
The Bcl-2 IOD value of live and dead cases in different age groups showed that the 45-49 and 55-60 age groups of dead cases had irregularly higher IOD values than the other groups ( Figure 4A) . The Bcl-2 IOD value of the non-recurrent cases and the recurrent ones in different age groups showed that the 45-54 age groups of recurrent cases had irregularly higher IOD values than the other groups ( Figure 4B) . The Bcl-2 IOD value of the male and female cases in different age groups showed that male patients had a smoother curve than the female patients ( Figure 4C) . Unlike other age groups, the P values of OS and TTR in the 45-49 and 55-60 age groups were also much higher than 0.1 ( Figure 4D) . Meanwhile, hazard ratios analyzed by Cox proportional hazards regression model with survival and recurrence in different age groups showed that the 45-49 and 55-60 age groups had peculiarly higher hazard ratios than the other groups ( Figure  4E ). The areas under the curve for death and recurrence in different age groups showed that the 45-49 and 55-60 age groups were closer to 0.5 than the other age groups ( Figure  4F ).
Univariate and multivariate analyses of the prognostic values of Bcl-2 in HCC patients
To further evaluate the prognostic value of Bcl-2 for HCC patients, univariate and multivariate analyses were performed with the clinicopathological characteristics and the Bcl-2 levels (Tables 2 and 3) . In the univariate analysis, serum AFP and ALT level, tumor size, tumor number, vascular invasion, and Barcelona Clinic Liver Cancer (BCLC) stage were revealed to associate with the OS of HCC patients, tumor size, and vascular invasion with TTR. The Bcl-2 expression level in HCC tissues was also significantly associated with both OS and TTR.
Individual features that showed significance by univariate analysis were adopted as covariates in a multivariate Cox proportional hazards model, and then combined variables were further analyzed. Bcl-2 was demonstrated to be an independent prognostic indicator for OS (P = 0.003) and TTR (P < 0.001).
Discussion
Bcl-2 is an oncogenic protein that acts by inhibiting programmed cell death 14 . Bcl-2 expression in endothelial cells was reported to enhance tumor metastasis 15 . However, increasing evidence showed that Bcl-2 expression may, in some cases, be associated with the improved prognosis of patients diagnosed with non-small cell lung cancer 16 , renal cell carcinoma 17 , colorectal cancer 18 , melanoma 19 , and breast cancer 20 . The physiological role of Bcl-2 expression in cell motility has not been well characterized 3 .
The current work analyzed Bcl-2 expression in predominantly HBV-related HCC in men and women, as well as the association of Bcl-2 expression levels with survival and recurrence. The expression of Bcl-2 in tumoral tissues was found to be associated with the prognosis of male HCC patients but not female ones. Male patients whose tumors had low Bcl-2 expression had shorter survival and recurrence time compared with patients whose tumors had high Bcl-2 expression. The disparity of Bcl-2 expression between male and female suggest that the phenomenon may have some relationship with the sex hormone or their receptors in HCC patients. Androgens have been suggested to induce and promote HCC 21 , and altered androgen metabolism has been reported to be associated with HCC 22 . In a recent report, androgens enhanced DNA damage and oxidative stress during hepatocarcinogenesis 23 . A report several years ago demonstrated that AR mRNA levels are related to histological tumoral differentiation and are lower in highly dedifferentiated HCCs compared to well-differentiated ones 24 . One study indicated that androgen/AR facilitates TPA-induced apoptosis by interrupting the NF-κB signaling pathway, leading to the activation of JNK in LNCaP cells 25 . Elevated AR levels in transformed cells could have a tumor-promoting effect by stimulating cell growth 26 . Another study suggests that FoxA factors serve as a scaffold for steroid hormone receptors to regulate gene transcription in the liver on a genome-wide scale; such scaffold extends to at least three nuclear hormone receptors as well. The study identified a set of regulatory units in which the juxtaposition of FoxA binding sites next to both EREs and AREs allows for the mediation of the gender-specific effects of sex hormones in the liver 27 . A report demonstrated that AR promotes HBV induced hepatocarcinogenesis through modulation of the HBV RNA transcription; targeting the AR, rather than the androgen, could likewise be developed as a new therapy to battle HBV-induced HCC 28 . Thus, AR is a new potential therapeutic target for the treatment of HCC 29 .
Our results suggest that Bcl-2 expression level had poorer predictive efficiency in male patients in the 45-49 and 55-60 age groups. Bcl-2 expression in the 45-49 and 55-60 age groups was not related to the prognosis of the male HCC patients, who are thought to be in andropause age. In a study of 434 men aged 50-86 years, the prevalence of symptoms increases with decreasing testosterone concentrations 30 . Some findings suggested that a significant proportion of men over 60 years have circulating testosterone concentrations in the range conventionally considered hypogonadal 31 .
The Bcl-2 levels in tumor tissues are possibly influenced by some factors that vary in the andropause of male HCC patients. These hypotheses are supported by the following findings. Bcl-2 expression was associated with the prognosis only in male HCC patients but not in female patients. Meanwhile, Bcl-2 expression in the 45-49 and 55-60 age groups was not related to the prognosis of male HCC patients.
The mechanisms behind the Bcl-2 disability of predictive power to HCC prognosis are unclear. Nevertheless, Ohigashi's data indicated that herbimycin A-sensitive tyrosine kinase(s) can regulate apoptosis and inhibit Bcl-2 expression in SC2G mouse androgen-dependent cells 32 . Fuzio et al. 33 analyzed Bcl-2 expression in vivo in prostate cancer tissues obtained from patients who underwent radical prostatectomy after neoadjuvant androgen deprivation therapy (ADT). They found that short-term administration of ADT interferes with Bcl-2 expression, thereby suggesting that androgen-mediated mechanisms may act through Bcl-2-mediated apoptotic pathways. Another study used antisense oligonucleotide treatment. The treatment directed against Bcl-2 can be evaded through compensatory changes in AR expression and some coactivators, promoting tumor growth, and promoting transformation of the tumor to a more aggressive phenotype 34 . Consistently, another group suggested that the down-regulation of Bcl-2 by antisense oligodeoxynucleotides chemosensitizes androgenindependent Shionogi tumors to taxanes, over and above the effects of taxane-induced phosphorylation of Bcl-2 35 . These hypotheses require evaluation.
In conclusion, Bcl-2 expression was identified as an independent predictor of recurrence and survival in male HCC. And Bcl-2 levels may be regulated by androgens or AR in male HCC patients. When androgen or AR levels varied dramatically (andropause age), the Bcl-2 level changed and had poorer predictive efficiency.
